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Preface 


The concepts and principles of chemistry are learned through a combination of different 
experiences. These experiences include reading about them in your text, hearing about them from 
your chemistry instructor, seeing them in laboratory experiments, and probably most importantly, 
using chemistry principles to solve chemistry problems. 

The Solutions Manual to accompany CHEMISTRY, 2/e by McMurry and Fay contains 
the solutions to all in-chapter, understanding key concept, and end-of-chapter problems. To be 
successful in chemistry you must be proficient in setting up and solving chemistry problems. In 
order to develop your chemistry problem solving skills, always attempt to set up and solve a 
problem before you consult the solutions manual. Read each problem carefully to see what it is 
asking you for and to see what information it contains. Then call upon your knowledge of 
chemistry principles to attempt a solution to the problem. Look at your answer and its units to 
see if they are reasonable. Only then should you consult the solutions manual to check your 
answer. You will not develop your own problem solving skills if you fall into the habit of 
consulting the solutions manual before you set up a problem. 

I have worked to ensure that the solutions in this manual are as error free as possible. 
Solutions have been double-checked and in many cases triple-checked. Small differences in 
numerical answers between student results and those in the Solutions Manual can result because 
of rounding and significant figure differences. Students should also be aware that there are, in 
many cases, more than one acceptable set up for a problem. Learn to use this Solutions Manual 
to your advantage, not to your disadvantage. 

I would like to thank John McMurry and Robert Fay for the opportunity to contribute to 
their CHEMISTRY package. I also want to thank them for their helpful comments as I worked 
on this solutions manual. I also want to acknowledge and thank Mary Hornby (Associate Editor, 
Science), Julie Grundman (accuracy checker), and Charlie Lebeda (line artist). Finally, I want to 
thank in a very special way my wife, Ruth, and our children, Joey and Judy, for their constant 
support and encouragement as I worked on this project. 


Joseph Topich 
Virginia Commonwealth University 


https://grioumeh.com/product/chemistry-by-memurry-2nd-ecutagonzsoeduEdonm 


1.3 


1.4 


MS 


JE 


1-9 


Chemistry: Matter and Measurement 


(a) Cu (b) Pt (c) Pu 

(a) silver (b) rhodium (c) rhenium (d) cesium (e) argon (f) arsenic 
(a) Ti, metal (b) Te, semimetal (c) Se, nonmetal 

(d) Sc, metal (e) At, semimetal (f) Ar, nonmetal 


(a) The decimal point must be shifted ten places to the right so the exponent is -10. The 
result is 3.72 x 10™° m. 

(b) The decimal point must be shifted eleven places to the left so the exponent is 11. The 
result is 1.5 x 10” m. 


(a) microgram (b) decimeter (c) picosecond 
(d) kiloampere (e) millimole 


°C = - x (F — 32) = > x (98.6 — 32) = 37.0°C 
K = °C + 273.15 = 37.0 + 273.15 = 3102 K 


(a) K=°C +273.15 2 78 + 273.15 = 195.15K = 195 K 
(b) °F = e x °C) +32 = c x 158) + 32 = 316.4°F = 316°F 


(OEC = qe = 275 SEIS = oil SRO = lone 
= G x °C) + 32 = G x 101.85) + 32 = 215.33°F = 215°F 


The actual mass of the bottle and the acetone = 38.0015 g + 0.7791 g = 38.7806 g. The 
measured values are 38.7798 g, 38.7795 g, and 38.7801 g. These values are both close to 
each other and close to the actual mass. Therefore the results are both precise and 
accurate. 


(a) 76.600 kg has 5 significant figures because zeros at the end of a number and after the 
decimal point are always significant. 

(b) 4.502 00 x 10° g has 6 significant figures because zeros in the middle of a number are 
significant and zeros at the end of a number and after the decimal point are always 
significant. 

(c) 3000 nm has 1, 2, 3, or 4 significant figures because zeros at the end of a number and 


before the decimal point may or may not be significant. 
(d) 0.003 00 mL has 3 significant figures because zeros at the beginning of a number are 
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not significant and zeros at the end of a number and after the decimal point are always 
significant. 
(e) 18 students has an infinite number of significant figures since this is an exact number. 


1.10 (a) Since the digit to be dropped (the second 4) is less than 5, round down. The result is 
3.774 L. | 
(b) Since the digit to be dropped (0) is less than 5, round down. The result is 255 K. 
(c) Since the digit to be dropped is equal to 5 with nothing following and the preceding 
digit is even, round down. The result is 55.26 kg. 


111 (a) 24.567 g This result should be expressed with 3 decimal places. 
SEU e T Since the digit to be dropped (7) is greatér than 5, round up. 


24.611 78 g The result is 24.612 g (5 significant figures). 


(b) 4.6742 g/0.003 71 L = 1259.89 g/L 

0.003 71 has only 3 significant figures so the result of the division should have only 3 
significant figures. Since the digit to be dropped (first 9) is greater than 5, round up. The 
result is 1260 g/L (3 significant figures). 


(c) 0.378 mL This result should be expressed with 1 decimal place. Since 
+ 42.3 mL the digit to be dropped (9) is greater than 5, round up. The 
SE result is 41.1 mL (3 significant figures). 

41.0947 mL 


112 (a) Estimate: °F ~ 2x °C if°C is large. The melting point of gold = 2000°F. 
Calculation: °F = c x °C) +32 = G x 1064) + 32 = 1947°F 


(b) r=d/2=3x 10°m=3x 10% cm; h-2x10$m-22x 10* cm 
Estimate: volume = nr’h = 3r'h = 3(3 x 10% cm)*(2 x 10“ cm) = 5 x 10! cm? 
Calculation: volume = mr’*h = (3.1416)(3 x 10% cm} (2 x 10* cm) = 6 x 10! cm? 


1.13 1 mi — 1760 yd and 1 m= 1.0936 yd 


dun ciem P ETE EY 
] mi 
marathon in yards = 45,760 yd + 385 yd = 46,145 yd 
marathon in meters = 46,145 yd x P Im zl 42,196 m 
1.0936 yd 


114 lcarat- 200 mg = 200 x 10° g = 0.200 g 
0.200 g 


1 carat 


Mass of Hope Diamond in grams — 44.4 carats x = 8.88 g 


l ounce = 28 352 


Mass of Hope Diamond in ounces = 8.88 g x SS = 0.313 ounces 
28 
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115 1100 4g = 1100 x 105g 


1100 x 10 $g 
— — — ——. = 48 x 107 g/perso 
2300 people epson 


I7 volume ="937g x = O22 mL 


Esp 

AVA AEAPAEAEAS ER RE fr 
VA ZA AE 
- BN 


metals nonmetals 


1.20 red- gas; blue — 42; green — sodium 


121 (a) Darts are scattered (poor precision) and are away from the bullseye (poor accuracy). 
(b) Darts are clustered together (good precision) and hit the bullseye (good accuracy). 
(c) Darts are clustered together (good precision) but are away from the bullseye (poor 
accuracy). 


1.22 The density of solid lead is less than the density of liquid mercury so the lead will float in 
the mercury. 


3 
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1.23 A hypothesis is an interpretation of experimental results. A theory is a consistent 
explanation of known observations. 
A physical property is a characteristic that can be determined without changing the 
chemical makeup of a sample. A chemical property is a characteristic that results in a 
change in the chemical makeup of a sample. 


Additional Problems 
Elements and the Periodic Table 


1.24 112 elements are presently known. About 90 elements occur naturally. 
1.25 The rows are called periods, and the columns are called groups. 


1.26 There are 18 groups in the periodic table. They are labeled as. follows: 
1A, 2A, 3B, 4B, 5B, 6B, 7B, 8B (3 groups), 1B, 2B, 3A, 4A, 5A, 6A, 7A, 8A 


1.27 Elements within a group have similar chemical properties. 


1.28 NNUS E main-group NS | Sages 


transition metals 


qe») 


metals nonmetals 


1.30 


A semimetal is an element with 
properties that fall between those of 
metals and nonmetals. 


semimetals 


4 


httpse//gioumeh.com/product/chemistry-by-memurry-2nd-ecmdtuoncsolutien 


Paper or download complete version of (all chapter 1 to 24 ) click here. | 


eee 


1.31 (a) The alkali metals are shiny, soft, low-melting metals that react rapidly with water to 
form products that are alkaline. 


(b) The noble gases are gases of very low reactivity. 
(c) The halogens are nonmetallic and corrosive. They are found in nature only in 
combination with other elements. 

1.32 Li, Na, K, Rb, and Cs 

1.33 Be, Mg, Ca, Sr, and Ba 

134 F, Cl, Br, and I 

1.35 He, Ne, Ar, Kr, Xe, and Rn 


1.36 (a) americium, Am (b) germanium, Ge (c) technetium, Tc (d) arsenic, As 


1.37 (a) cadmium, Cd (b) iridium, Ir (c) beryllium, Be (d) tungsten, W 


1.38 (a) Te, tellurium (b) Re, rhenium (c) Be, beryllium 
(d) Ar, argon (e) Pu, plutonium 
1.39 (a) B, boron (b) Rh, rhodium (c) Cf, californium 
(d) Os, osmium (e) Ga, gallium 
1.40 (a) Tinis Sn: Ti is titanium. (b) Manganese is Mn: Mg is magnesium. 
(c) Potassium is K: Po is polonium. (d) The symbol for helium is He. 
1.41 (a) The symbol for carbon is C. (b) The symbol for sodium is Na. 
(c) The symbol for nitrogen is N. (d) The symbol for chlorine is Cl. 


Units and Significant Figures 
1.42 Accurate measurement is crucial in science because, if our experiments are to be 
reproducible, we must be able to describe fully the substances we are working with — 


their amounts, sizes, temperatures, etc. 


143 A physical quantity contains both a number and a unit label. The physical quantity length 
would contain a number and a unit label such as meter. 


1.44 Mass measures the amount of matter in an object, whereas weight measures the pull of 
gravity on an object by the earth or other celestial body. 


1.45 There are only seven fundamental (base) SI units for scientific measurement. A derived SI 
unit is some combination of two or more base SI units. 


Base SI unit: Mass, kg; Derived SI unit: Density, kg/m” 
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1.46 (a) kilogram, kg (b) meter, m (c) kelvin, K (d) cubic meter, m’ 
1.47 (a) kilo, k (b) micro, u (c) giga, G (d) pico, p (e) centi, c 

1.48 A Celsius degree is larger than a Fahrenheit degree by a factor of ek 

1.49 A kelvin and Celsius degree are the same size. 

1.50 The volume of a cubic decimeter (dm) and a liter (L) are the same. 

1.51 The volume of a cubic centimeter (cm^) and a milliliter (mL) are the same. 


1.52 (a) and (b) are exact because they are obtained by counting. (c) is not exact because it 
results from a measurement. . 


1553 4.8673 g The result should contain only 1 decimal place. Since the digit to 
É (Gr be dropped (6) is greater than 5, round up. The result is 0.1 g. 
0.0673 g 


1.54 cL is centiliter (10? L) 


1.55 (a) deciliter (10% L) (b) decimeter (10! m) 
(c) micrometer (10° m) (d) nanoliter (10° L) 


1.56 Img=1x10?g and 1 pg=1x10”g 


-3 
Eeer 


] mg [SIRO o 
—9 
35ng=35x10ºg SO ee o cur 
35 ng [Ier 
1:57 - IE TOM Ce 
Bel 


20 x I  lpL 


20m = 20x10 L X 
20 mL Nome 


= 2 x 10º uL/mL 


158 (a) Spm=5x102m 
100 cm 


Sax OR inex E: uem 

lm 
Se? ec eo? am 
1 x 10°m 
3 

(b Sem x|—-. | -g5x10*m 

100 cm 
6 
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3 
SPD | M m LUE E 


l cm 
-3 
(ei  652mgx LX 19 € - 99655, 
mg 
-3 
65.2 mg x 1x 10"8 x m lP = 6 SD se O pg 
Img | todo 


159 (a) A liter is just slightly larger than a quart. 
(b) A mile is about twice as long as a kilometer. 
(c) An ounce is about 30 times larger than à gram. 
(d) An inch is about 2.5 times larger than a centimeter. 


160 (a) 35.0445 g has 6 significant figures because zeros in the middle of a number are 
significant. 
(b) 59.0001 cm has 6 significant figures because zeros in the middle of a number are 
significant. 
(c) 0.030 03 kg has 4 significant figures because zeros at the beginning of a number are 
not significant and zeros in the middle of a number are significant. 
(d) 0.004 50 m has 3 significant figures because zeros at the beginning of a number are 
not significant and zeros at the end of a number and after the decimal point are always 
significant. 
(e) 67,000 m^ has 2, 3, 4, or 5 significant figures because zeros at the end of a number 
and before the decimal point may or may not be significant. 
(f) 3.8200 x 10? L has 5 significant figures because zeros at the end of a number and after 
the decimal point are always significant. 


1.61 (a) $130.95 is an exact number and has an infinite number of significant figures. 
(b) 2000.003 has 7 significant figures because zeros in the middle of a number are 
significant. 
(c) The measured quantity, 5 ft 3 in., has 2 significant figures. The 5 ft is certain and the 
3 in. is an estimate. 


1.62 To convert 3,666,500 m? to scientific notation, move the decimal point 6 places to the left 
and include an exponent of 10°. The result is 3.6665 x 10º. 


1.63 Since the digit to be dropped (3) is less than 5, round down. The result to 4 significant 
figures is 7926 mi or 7.926 x 10? mi. 
Since the digit to be dropped (2) is less than 5, round down. The result to 2 significant 
figures is 7900 mi or 7.9 x 10? mi. 


1.64 (a) To convert 453.32 mg to scientific notation, move the decimal point 2 places to the 
left and include an exponent of 10°. The result is 4.5332 x 10^ mg. 
(b) To convert 0.000 042 1 mL to scientific notation, move the decimal point 5 places to 
the right and include an exponent of 10°. The result is 4.21 x 10? mL. 
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(c) To convert 667,000 g to scientific notation, move the decimal point 5 places to the 
left and include an exponent of 10°. The result is 6.67 x 10° g. 


1.65 (a) Since the exponent is a negative 3, move the decimal point 3 places to the left to get 
0.003 221 mm. 
(b) Since the exponent is a positive 5, move the decimal point 5 places to the right to get 
894.000 m. 
(c) Since the exponent is a negative 12, move the decimal point 12 places to the left to 
get 0.000 000 000 001 350 82 m’. 


1.66 (a) Since the digit to be dropped (0) is less than 5, round down. The result is 3.567 x 10: 
or 35,670 m (4 significant figures). 
Since the digit to be dropped (the second 6) is greater than 5, round up. The result is 
35,670.1 m (6 significant figures). 
(b) Since the digit to be dropped is 5 with nonzero digits following, round up. The result 
is 69 g (2 significant figures). 
Since the digit to be dropped (0) is less than 5, round down. The result is 
68.5 g (3 significant figures). 
(c) Since the digit to be dropped is 5 with nothing following and the preceding digit is 
odd, round up. The result is 5.00 x 10° cm (3 significant figures). 
(d) Since the digit to be dropped is 5 with nothing following and the preceding digit is 
even, round down. The result is 2.3098 x 10~ kg (5 significant figures). 


1.67 (a) Since the digit to be dropped (1) is less than 5, round down. The result is 7.000 kg. 
(b) Since the digit to be dropped is 5 with no digits following and the preceding digit is 
even, round down. The result is 1.60 km. 

(c) Since the digit to be dropped (1) is less than 5, round down. The result is 13.2 g/cm’. 
(d) Since the digit to be dropped (1) is less than 5, round down. The result is 2,300,000. 
or 2.300 000 x 10°. 


1.68 (a) 4.884 x 2.05 = 10.012 
The result should contain only 3 significant figures because 2.05 contains 3 significant 
figures (the smaller number of significant figures of the two). Since the digit to be 
dropped (1) is less than 5, round down. The result is 10.0. 
(b) 94.61/3.7 2 25.57 
The result should contain only 2 significant figures because 3.7 contains 2 significant 
figures (the smaller number of significant figures of the two). Since the digit to be 
dropped (second 5) is 5 with nonzero digits following, round up. The result is 26. 
(c) 3.7 /94.61 = 0.0391 
The result should contain only 2 significant figures because 3.7 contains 2 significant 
figures (the smaller number of significant figures of the two). Since the digit to be 
dropped (1) is less than 5, round down. The result is 0.039. 


(d) 550288 This result should be expressed with no decimal places. Since the 
D digit to be dropped (3) is less than 5, round down. The result is 
d CAM, 
5526.31 
8 
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(e) 86.3 This result should be expressed with only 1 decimal place. Since 
we ILA? the digit to be dropped (3) is less than 5, round down. The result is 
= 009 87.6. 
87.63 


(f) 5.7 x 2.31 = 13.167 

The result should contain only 2 significant figures because 5.7 contains 2 significant 
figures (the smaller number of significant figures of the two). Since the digit to be 
dropped (second 1) is less than 5, round down. The result is 13. 


3.18 


(a) 3.41 — 0.23 x 0.205 = 
5238) 


3.299 


Complete the subtraction first. The result has 2 decimal places and 3 significant figures. 
The result of the multiplication and division must have 3 significant figures. Since the 
digit to be dropped is 5 with nonzero digits following, round up. 
(b) oe . e o 308 =31 

4.223 — 0.08 4.143 
Complete the subtraction first. The result of the subtraction should have 2 decimal places 
and 3 significant figures (an extra digit is being carried until the calculation is completed). 
The result of the multiplication and division must have 2 significant figures. Since the 
digit to be dropped (8) is greater than 5, round up. 


1.69 x 0.205 —.0110457 = 0125 


Unit Conversions 


170 (a) 0.251b x E SUITS be 


12 in 2.54 cm Im 
X X 
lin 100 cm 


1.6093 km )? « | 1000 m 
1 mi 


= 443.2 m 


(b) 1454 ft x 


2 
(c) 2,941,526 mix | | — 7.6181 x 10? m? 


] km 


2.54 cm " Im 
] in 100 cm 
Oo abk E 
2.2046 lb 
SL ROSIE C CAES 10° m? 
1 gal TE 


= 0.14m 


1.71 (a) 5.4in x 
= 30.08 kg 


(c) 05521 gal x = 2.090 x 10° m’ 


(d) 65 Mi x 16093 km , 1000m , Ih , Imi, 59 m 
h 1 mi 1 km 60 min 60s S 
(e) 978.3 yd? X io X tan X olm o 748.0 m? 


1.0936yd ^ 10936yd  1.0936yd | 
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2 9) 
EE 
640 acres 1 mi 
3 
(b) 116 mi? x | na OLG SUE aah 
mi 


43,560 ft 


1/3 ft 12 in 2.54cm _ 


1.73 (a) 18.6 hands x X X 189 cm 
1 hand 1 ft lin 
3 S 3 3 
(b) (6 x 2.5 x15) hands? x ie X nn x als EE ER — 0.2m 
1 hand 1 ft lin 100 cm 
200mg ` 1000 mL 
1.74 (a x —————— = 2000m 
(a) 100 mL gL 
-3 
100 mL ] mg OE s 
-3 
o A Om OM = OL 
100 mL ] mg IMIE 
-3 + 
(d) 200 mg , 1 x 10 gy 1000 mL .. Ing a 1 x 10 É = 2000mg/uL 
100 mL Img IL ond E 
(e) 2gLx5L=10g 
1.75 8.65 stones x a 121 Ib 
] stone 


mi 5280 ft (Um — 2.54cm lh 25x10*s ` cm 
— X ———— X ———— x = = 0.61 


6 355 X X ; 
h 1 mi 1ft lin 3600 s 1 shake shake 
o | M80 [box ee 
2.2046 Ib 


rimus. lung 14:5 mE 1.5 me 
lkg 1x10? ug 


Temperature 


178 F= G x ºC) + 32 


°F = G x 39.9°C) + 32 = 103.8°F 


oF = G x 22.2°C) + 32 = 72.0ºF 


10 
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Gn a ^ 


179 For Hg: mp is 2 x (-38.87)| + 32 = -37.97°F 


For Br,: mp is E x (-7.2)| + 32 = 19.0°F 


For Cs: mp is E x (28.40)| + 32 = 83.12°F 


For Ga: mp is E x (29.78); + 32 = 85.60°F 


(8) 5 (8) 
kso engt — 32) = > SE 


K= Oat 27315 = 3410+ e Ee 


181 a= c x *C)-32- È x 175) + 32 = 347F 


1.82 Ethanol boiling point 78.5°C 173 33°F 200ºE 
Ethanol melting point —117.3?C —179.1°F O°E 
ee ee 

ee m se), estate 
E SE EE 

[173.3°F — (-179.1°F)]  352.4°F 

200 
c) ^E = —— x (°C + 1173 
©) 195.8 l ) 
i — - Eet = S 

H,O melting point = 0°C; °E = Tu x (0 + 177 3) — MORSE 


HO boiling point = 100°C: “E = T x (100 + 117.3) = 220.0°E 


20 x (*F + 179.1) = 
352.4 


200 
352.4 


(d) °E = x (98.6 + 179.1) = 157.6°E 


— 179.1 = 50.0°F 


(e) °F = ae AS - 179.1 = o EN 
200 200 


Since the outside temperature is 50.0ºF, I would wear a sweater or light jacket. 


1.83 NH, boiling point —33.4°C —28.1°F 100°A 
NH, melting point —77.7°C —107.9°F 0*A 
(e UNE ED EDO B 
[33.4 - (-77.7°C)] | 44.3°C 
(b) 100°A MEO ` 125 *A/*E 


[228.1 — (-107.9ºF)] 1798F 
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100 
c) °A = —— x (C + 77.7 
©) 44.3 


HO melting point = 0°C; “A = E x (0 + 77.7) = 175°A 


H,O boiling point = 100°C; “A = E xe(100 #747) = 40 A 


(d) *A = 199. x (oF + 107.9) = IO x (98.6 + 107.9) = 259°A 
8 79.8 
Density 
ES 3 K 
L34 aoe O E e oos x = 018 cm 
Img 1.40 g 
3 D 
SES 4€ — 526950 V=226,795 ¢ x Lem = 161,996 cm? = 162,000 cm? 
g 
E. OTROS 
1.85 Par: V = 1.0078g x == = 112L 
.0899 g 
Rone 2955/45 x = = ules 
3.214 g 
ino = “O 
V (0.50 x 1.55 x 25.00) cm? cm? cm? 


1.87 d=2.40 mm = 0.240 cm 
r ^ d/2 = 0.120 cm and V = ar’h 
qmm 0.3624 g 


—— 9  — -Qs4ecm 
V — (3.1416)(0.120 cm)?(15.0 cm) 


D aa É - 87038 8.7038 2333] _ 8 2533 8- 
V (28.76 — 25.00) mL 3.76 mL cm? cm? 


1.89 The explosion was caused by a chemical property. Na reacts violently with H,O. 
General Problems 


1.90 Physical properties: color, melting point, mass, and solubility. 


Chemical properties: rusting (of iron), combustion (of methane), hardening (of cement), 
explosion (of nitroglycerine). 


1.91 (a) selenium, Se (b) rhenium, Re (c) cobalt, Co (d) rhodium, Rh 
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1.92 (a) Se, selenium (b) Sb, antimony (c) Ba, barium 
(d) Cs, cesium (e) Np, neptunium 
193 (a) mega, M (b) nano, n (c) deka, da (d) hecto, h 
1.94 (a) cL, centiliter (b) m’, square meter (c) K, kelvin (d) nm, nanometer 


1.95 (a) 105.331 mg has 6 significant figures because zeros in the middle of a number are 
significant. 
(b) 4050 km has 3 or 4 significant figures because zeros in the middle of a number are 
significant and zeros at the end of a number and before the decimal point may or may not 
be significant. 
(c) 405.0 km has 4 significant figures because zeros in the middle of a number are 
significant and zeros at the end of a number and after the decimal point are always 
significant. 
(d) 0.022 107 kg has 5 significant figures because zeros at the beginning of a number are 
not significant and zeros in the middle of a number are significant. 


1.96 NaCl melting point = 1074 K 
°C = K — 273.15 = 1074 — 273.15 = 800.85°C = 801°C 
SS c x °C) + 32 = c x 800.85) + 32 = 1473.53°F = 1474°F 
NaCl boiling point = 1686 K 
°C = K — 273.15 = 1686 — 273.15 = 1412.85°C = 1413°C 
F = c x SCH + 32 = È x 1412.85) + 32 = 2575.13ºF = 2575°F 


197 = E 2 6 | = E x (-38,9)| 32 = -38.0°F 
o We ps sn 
1.4832 g 


o rua ae S 


= 1.831 g/mL 
gal 1 Ib 3.7854L 1000 mL 


45359g Iml , IL 


1100 V = 9.536 x 10? Ib x = 9) se o IL 


1 Ib 1831 g 1000 mL 
EEN esie. OI qi 
in l cm 
13 
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1.102 °C = > Ta) 


Set °C = °F: °C = > x (C = 32) 


Solve for °C: °C x S = °C = 32 


CC x E) ~ °C = -32 


ee d = 28 
5 


°C = 3-32) = -40°C 


The Celsius and Fahrenheit scales “cross” at -40*C (—40°F). 


1.103 Cork: volume = 1.30 cm x 5.50 cm x 3.00 cm = 21.45 cm? 
Ri Een g 
Rem 
Lead: volume = (1.15 cm)" = 1.521 cm? 
Res 1521 quê SABE aos é 
enn 


total mass = 5.041 g + 17.26 g = 22.30 g 
total volume = 21.45 cm? + 1.521 cm? = 22.97 cm? 
22.30 g 


average density — 
DONEC 


— 0.971 g/cm? so the cork and lead will float. 


Os 


1.104 Convert 8 min, 25 s to s. 8 min x t25s-505s 


] min 
Convert 293.2 K to °F 293.2 — 273.15 = 20.05°C 


oF = e x 20.05) + 32 = 68.09°F 


3.0°F 


Final temperature = 68.09°F + 505 s x Ss = 93.34ºF 


S 


"es E Ose 32) =" 341°C 


19.7325 g 
25.00 mL 


total mass = metal + ethyl alcohol = 43.0725 g 
mass of ethyl alcohol = 43.0725 g — 25.0920 g = 17.9805 g 


volume of ethyl alcohol = 17.9805 gx ————— = 22.78 mL 
0.7893 g 


volume of metal = 25.00 mL - 22.78 mL = 222 mL 


1.105 Ethyl alcohol density = = USOS eim 
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metal density — P OBS 


1.106 Average brass density = (0.670)(8.92 g/cm’) + (0.330)(7.14 g/cm’) = 8.333 g/cm? 


length = 1.62 inx emer = 4.115 cm 
1 in. 
diameter = 0.514 in x cm =1306 em 
in. 
volume = nzr^h = (3.1416)[(1.306 cm)/2] (4.115 cm) = 5.512 cm? 
SE SD NS e E g 
Lem 


1.107 (a) 118 (b) 120 
(c) 117 1s under At and would be a metal or maybe a semimetal. 
(d) 119 is under Fr and would be a soft, shiny metal that reacts violently with water. 
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Atoms, Molecules, and Ions 


21i First, find the S:O ratio in each compound. 
Substance 1: S:O mass ratio = (6.00 g S) / (5.99 g 0) = 1.00 
Substance 2: S:O mass ratio = (8.60 g S) / (12.88 g O) = 0.668 
S:O mass ratio in substance 1 _ 1.00 _ 1,9 A 

S:O mass ratio in substance 2 0.668 | 2 


22 0.0002 inx 2240m , — lAuatom 


- oe = 2 x ON ao 
lim 2.9 x 10% cm 


[S S ORBE n X, Lan ,  ltime 
C atom 1000m . 40,075 km 
2.4 E Se has 34 protons, 34 electrons, and (75 — 34) = 41 neutrons. 


De 1x 10? C atoms x = 37.4 times = 40 times 


ES MEO, has (35 — 17) = 18 neutrons. e has (37 — 17) = 20 neutrons. 


2.6 The element with 47 protons is Ag. The mass number is the sum of the protons and the 
neutrons, 47 + 62 = 109. The isotope symbol is PAD 


2.7 atomic weight = (0.6917 x 62.94 amu) + (0.3083 x 64.93 amu) = 63.55 amu 


MN) 5 Bamus . a a nu 


1.6605x 104g 63.55 amu 


2.9 H H 
| | 
H—C—N—H 


| 
H 


2.10 (a) LiBr is composed of a metal (Li) and nonmetal (Br) and is ionic. 
(b) SiCl, is composed of only nonmetals and is molecular. 
(c) BF, is composed of only nonmetals and is molecular. 
(d) CaO is composed of a metal (Ca) and nonmetal (O) and is ionic. 


2.1] (a) HF is an acid. In water, HF dissociates to produce H (aq). 
(b) Ca(OH), is a base. In water, Ca(OH), dissociates to produce OH (aq). 


(c) LiOH is a base. In water, LiOH dissociates to produce OH (aq). 
(d) HCN is an acid. In water, HCN dissociates to produce H'(aq). 
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2.12 (a) CsF, cesium fluoride (b) KO potassium oxide (c) CuO, copper(II) oxide 


(d) BaS, barium sulfide (e) BeBr,, beryllium bromide 


2.13 (a) vanadium(III) chloride, VCL, (b) manganese(IV) oxide, MnO, 
(c) copper(II) sulfide, CuS (d) aluminum oxide, ALO, 


2.14 (a) NCL, nitrogen trichloride (b) P,O,, tetraphosphorus hexoxide 
(c) S,F,, disulfur difluoride 


2.15 (a) disulfur dichloride, S,CL (b) iodine monochloride, ICI 
(c) nitrogen triiodide, NI, 


2.16 (a) Ca(ClO),, calcium hypochlorite 
(b) Ag,S,O,, silver(I) thiosulfate or silver thiosulfate 
(c) NaH,PO,, sodium dihydrogen phosphate 


(d) Sn(NO,),, tin(II) nitrate (e) Pb(C,H,0,),, lead(IV) acetate 
2.17 (a) lithium phosphate, Li,PO, (b) magnesium hydrogen sulfate, Mg(HSO,), 
(c) manganese(II) nitrate, Mn(NO,), (d) chromium(III) sulfate, Cr,(SO,), 
2.18 (a) HIO, periodic acid (b) HBrO,, bromous acid (c) H5CrO,, chromic acid 


Understanding Key Concepts 
2.19 Drawing (a) depicts a collection of SO, molecules. 


220 


H,O, £ Pai 


2.21 A Na atom has 11 protons and 11 electrons [drawing (b)]. 
A Ca” ion has 20 protons and 18 electrons [drawing (c)]. 
A F ion has 9 protons and 10 electrons [drawing (a)]. 


222 


Ne 10- Br. 
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2.23 In order to obey the law of mass conservation the correct drawing must have the same 
number of red and yellow spheres as in drawing (a). The correct drawing is (d). 


2.24 Figures (b) and (d) illustrate the law of multiple proportions. The ooe/oe mass ratio is 2. 
2.25 (a) gallium, Ga (b) chromium, Cr (c) aluminum, Al (d) aluminum-27, "AI 
2.26. alanine,C;H,NO,; ethylene glycol, CjH,O,; acetic acid, C,H,O, 


2n 


(a) 
(b) E 


Additional Problems 
Atomic Theory 


2.28 Different samples of the same compound always contain the same mass ratio of elements. 
2.29 In a chemical reaction, no mass is lost or gained. 


2.30 The law of mass conservation in terms of Dalton's atomic theory states that chemical 
reactions only rearrange the way that atoms are combined; the atoms themselves are not 
changed. 

The law of definite proportions in terms of Dalton's atomic theory states that the chemical 
combination of elements to make different substances occurs when atoms join together in 
small, whole-number ratios. 


2.31 The law of multiple proportions states that if two elements combine in different ways to 
form different substances, the mass ratios are small, whole-number multiples of each other. 
This is very similar to Dalton's statement that the chemical combination of elements to 
make different substances occurs when atoms join together in small, whole-number ratios. 


2.32 First, find the C:H ratio in each compound. 
Benzene: C:H mass ratio = (4.61 g C) / (0.39 g H) = 12 


Ethane: C:H mass ratio (4.00 g C) / (1.00 g H) = 4.0 
Ethylene: C:H mass ratio — (4.29 g m / (0.71 g H) = 6.0 
CH mass ratio in benzene _ 12 _ 


C:H mass ratio in ethane 40 1 
CH mass ratio in benzene _ 12 _ 2 
1 


C:H mass ratio in ethylene 6.0 
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C:H mass ratio in ethylene _ 6.0 


C:H mass ratio in ethane 4.0 


nju 


2.33 First, find the C:O ratio in each compound. 
Carbon suboxide: C:O mass ratio = (1.32 g C)/ (1.18 g O) = 1.12 
Carbon dioxide: C:O mass ratio = (12.00 g C) / (32.00 g O) = 0.375 


C:O mass ratio in carbon suboxide _ 1.12 3 
C:O mass ratio in carbon dioxide 0.375 1 
2.34 (a) For benzene: 

Nolen Jem EE 
1.6605 x 107g 12.011 amu 

op memo O atom MN rege 
1.6605 x 107^g 1.008 amu 

(Om Xe: 10? Catoms _ 26 

H 23 x 102 Hatoms 1H 


A possible formula for benzene is CH. 


For ethane: 
] amu 1Catom _ 23 
4.00 gx ———————————— x ——— — = 2.01 x 10^ C atoms 
1.6605 x 107g 12.011 amu 
LODE x amu .. , JH . 5 07 x 102 Hatoms 


1.6605 x 102!g — 1.008 amu 
C | 2.01 x 10? Catoms _ gue 


H 597x102Hatoms 3H 
A possible formula for ethane is CH,. 


For ethylene: 

dl M Eu atom. e. 10 Caton 
1.6605 x 107g 12.011 amu 

WT EE EE 


1.6605 x 10t g 1.008 amu 
C Eg 10? C atoms _ 1C 


H  42x102Hatoms 2H 
A possible formula for ethylene is CH,. 


(b) The results in part (a) give the smallest whole-number ratio of C to H for benzene, 
ethane, and ethylene, and these ratios are consistent with their modern formulas. 


235! 132i en. Come eek T0229 Ae 


1.6605x104g 12.011 amu 
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1.18 gx ] amu x 1 O atom 
1.6605 x 10?7^g 15.9994 amu 

C ote atoms 1 9€. 

O  444x10?O atoms 107 

therefore the formula for carbon suboxide is C, ,O, or CO. 


= 4.44 x 10? O atoms 


236 (a) (1.67 x 107* —£.. (6.02 x 10? H atoms) = 1.01g 
H atom 


This result is numerically equal to the atomic weight of H in grams. 
(b) (26.558 x 102! — 5 (6.02 x 102 O atoms) = 16.0 g 

O atom 
This result is numerically equal to the atomic weight of O in grams. 


2.37 The mass of 6.02 x 10” atoms is its atomic weight expressed in grams. 
(a) If the atomic weight of an element is X, then 6.02 x 10? atoms of this element weighs 
X grams. 
(b) If the mass of 6.02 x 10? atoms of element Y is 83.80 g, then the atomic weight of Y 
is 83.80. Y is Kr. 


2.38 Assume a 1.00 g sample of the binary compound of zinc and sulfur. 


0.671 x 1.00 g = 0.671 g Zn; 0.329 x 1.00 g = 0.329 g S 

Gl gr Lamu DOM scuro rr 
1.6605 x 107^g 65.39 amu 

DD EE LL LUNO KOC seno 


1.6605x 1074 g 32.066 amu 
Zn | 6.18x10*'Znatoms _ 1 Zn 
S 


= ; therefore the formula is ZnS. 
6.18 x 10?! S atoms 1S 


2.39 Assume a 1.000 g sample of one of the binary compounds. 


0.3104 x 1.000 g = 0.3104 g Ti; 0.6896 x 1.000 g = 0.6896 g CI 

Oif = Liu acy l aom ooa T ae 
1.6605 x lie 47.88 amu 

oo ramum aton MS 


1.6605 x 102^g 35.453 amu 
ET 


Mi. 390 x 10º! l 


Assume a 1.000 g sample of the other binary compound. 
0.2524 x 1.000 g = 0.2524 g Ti; 0.7476 x 1.000 g = 0.7476 g Cl 


0.2524 g x Lamu EE E 


ee Ti atoms 
1.6605x10?^g 47.88 amu 


EN 
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] amu ] Cl atom 
16605 x 10-2 35.453 amu 


Glad. 4 
i eal x de ll 


0.7476 gx = 1.27x 10” Cl atoms 


Elements and Atoms 


2.40 


2.41 


2.42 


2.43 


2.44 


2.45 


2.46 


2.47 


2.48 


2.49 


2.50 


A cathode-ray tube is a glass tube from which the air has been removed and in which two 
thin pieces of metal called electrodes have been sealed. When a sufficiently high voltage is 
applied across the electrodes, an electric current flows through the tube from the 
negatively charged electrode (the cathode) to the positively charged electrode (the anode). 
If the tube is not fully evacuated but still contains a small amount of air or other gas, the 
flowing current is visible as a glow called a cathode ray. 


proton, 1.007 276 amu, +1 
neutron, 1.008 664 amu, 0 
electron, 5.485 799 x 10“ amu, -1 


The atomic number is equal to the number of protons. 
The mass number is equal to the sum of the number of protons and the number of 
neutrons. 


The atomic number is equal to the number of protons. 
The atomic weight is the weighted average mass (in amu) of the various isotopes for a 
particular element. 


Atoms of the same element that have different numbers of neutrons are called isotopes. 


The mass number is equal to the sum of the number of protons and the number of 
neutrons for a particular isotope. 


For E C, mass number = 6 protons + 8 neutrons = 14. 


For * N, mass number — 7 protons + 7 neutrons = 14. 


The subscript giving the atomic number of an atom is often left off of an isotope symbol 
because one can readily look up the atomic number in the periodic table. 


Te has isotopes with more neutrons than the isotopes of I. 


(a) carbon, C (b) argon, Ar (c) vanadium, V 
137 
55 Cs 
(a) "Rn (b) “uPo (c) Au 
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FO TETE EEE, 
Zant (ap “aie (b) 25 Co 


2.52 (a) N. 7 protons, 7 electrons, (15 — 7) = 8 neutrons 
(b) o. 27 protons, 27 electrons, (60 — 27) = 33 neutrons 


(c) SCH 53 protons, 53 electrons, (131 — 53) = 78 neutrons 


psc ae Aes protons and (27 — 13) = 14 neutrons 
(b) "S, 16 protons and (32 — 16) = 16 neutrons 
(c) “Zn, 30 protons and (64 — 30) = 34 neutrons 
(d) “ph, 82 protons and (207 — 82) = 125 neutrons 


2.54 (a) “M , magnesium (b) NI, nickel 
2.55 (a) Hs, mercury (b) EU platinum 
2.56 (0.199 x 10.0129 amu) + (0.801 x 11.009 31 amu) = 10.8 amu for B 


2.57 (0.5184 x 106.9051 amu) + (0.4816 x 108.9048 amu) = 107.9 amu for Ag 


2.58 24.305 amu = (0.7899 x 23.985 amu) + (0.1000 x 24.986 amu) + (0.1101 x Z) 
Solve for Z. Z = 25.982 (Mg) 


2.59 The total abundance of all three isotopes must be 100.0096. The natural abundance of ?Si 
is 4.67%. The natural abundance of Si and *°Si together must be 100.0094 — 4.67% = 
95.33%. Let Y be the natural abundance of Si and [95.33 — Y] the natural abundance of 
30S}, 

28.0855 amu = (0.0467 x 28.9765 amu) + (Y x 27.9769 amu) + ([0.9533 — Y] x 29.9738 amu) 


Solve for Y. Y = -1.842 _ 0.922 
—1.997 


“Si natural abundance = 92.2% 3°Si natural abundance = 95.33 — 92.2 = 3.1% 


Compounds and Mixtures, Molecules and Ions 


2.60 A compound is a pure substance with constant composition. A mixture is formed when 
two or more substances are mixed together in some random proportion without 
chemically changing the individual substances in the mixture. Sucrose (C,,H,,O,,) is a 
compound. Sucrose dissolved in water is a mixture. 


2.61 Homogeneous mixtures, called solutions, have a constant composition throughout. 


Heterogeneous mixtures have regions with differing compositions. Sucrose dissolved in 
water is a homogeneous mixture. Water and oil is a heterogeneous mixture. 
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2p 


2865 


2.64 


2.65 


206 


207 


2.68 


PAS 


2 IN) 


ZU 


Ze 


2:05 


(a) muddy water, heterogeneous mixture 

(b) concrete, heterogeneous mixture 

(c) house paint, homogeneous mixture 

(d) a soft drink, homogeneous mixture (heterogeneous mixture if it contains CO, 
bubbles) 


(a) 18 karat gold, (b) window glass, and (d) liquefied air are homogeneous mixtures. 
(c) Tomato juice is a heterogeneous mixture because the liquid contains solid pulp. 


An atom is the smallest particle that retains the chemical properties of an element. A 
molecule is matter that results when two or more atoms are joined by covalent bonds. H 
and O are atoms, H,O is a water molecule. 


A molecule is the unit of matter that results when two or more atoms are Joined by 
covalent bonds. An ion results when an atom gains or loses electrons. CH, is a methane 
molecule. Na' is the sodium cation. 


A covalent bond results when two atoms share several (usually two) of their electrons. An 
ionic bond results from a complete transfer of one or more electrons from one atom to 
another. The C—H bonds in methane (CH,) are covalent bonds. The bond in NaCl 
(Na'CT) is an ionic bond. 


Covalent bonds typically form between nonmetals. (a) B-Br, (c) Br-Cl, and (d) O-Br are 
covalent bonds. 
Ionic bonds typically form between a metal and a nonmetal. (b) Na-Br is an ionic bond. 


Element symbols are composed of one or two letters. If the element symbol is two letters, 
the first letter is uppercase and the second is lowercase. CO stands for carbon and oxygen 
in carbon monoxide. 


(a) The formula of ammonia is NH, 
(b) The ionic solid potassium chloride has the formula KCl. 


(c) Cl is an anion. (d) CH, is a neutral molecule. 
(a) Be”, 4 protons and 2 electrons (b) Rb”, 37 protons and 36 electrons 
(c) Se^, 34 protons and 36 electrons (d) Au”, 79 protons and 76 electrons 


(a A 2+ cation that has 36 electrons must have 38 protons. X = Sr. 
(b) A l- anion that has 36 electrons must have 35 protons. X = Br. 


C,H,O 


C,H,O, 
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